is indeed the most studied, measured, and understood attribute of sustainability: cultivars with larger average yields over time are the goal of breeders and farmers (Fig. 1a) . Stability and resilience are concepts less understood, sometimes confused, and their evaluation is not straightforward (Urruty et al., 2016) . Stability (Fig. 1b) is the minimal variability of yields over time under normal conditions (Marten, 1988; Dawson et al., 2010; Urruty et al., 2016) , also referred to as constancy (Grimm and Wissel, 1997; Picasso et al., 2010) , reliability (López-Ridaura et al., 2005) , or the inverse of variability (Loreau et al., 2001) . Resilience (Fig. 1c) is the ability to withstand a short-term crisis, perturbation, or shock, like a drought, by absorbing the perturbation and reorganizing to retain the same function, (Grimm and Wissel, 1997; Walker et al., 2004; López-Ridaura et al., 2005; Dawson et al., 2010; Tracy et al., 2018) , also referred as resistance (Loreau et al., 2001) , and robustness (Picasso et al., 2011 , 2013 , Sabatier et al., 2015 Urruty et al., 2016) . Resilience (latu sensu) comprises two complementary dimensions (Hodgson et al., 2015) : the ability to withstand a crisis and not deviate during the perturbation (i.e., resistance), and the ability to recover from a crisis and the speed of this recovery (i.e., recovery or resilience strictu sensu; Isbell et al., 2015; Oliver et al., 2015; Tracy et al., 2018) . In this paper, we evaluated resilience (latu sensu) by measuring only the first dimension (resistance).
To understand how resilience and stability are determined, operational measures for these variables are needed (Urruty et al., 2016) . Two major obstacles for studying stability and resilience are the need for clarification and consensus on how to measure these traits (Grimm and Wissel, 1997) , and the lack of long-term datasets (10 to 20 yr), which are difficult to obtain within normal project timeframes. In the synthesis paper from the 2017 symposia "Resiliency in Forage and Grazinglands" from the Crop Science Society of America, it was concluded that long-term research projects are needed to measure and promote resilience integrating disciplines and regions (Tracy et al., 2018) . Therefore, novel methods applied on large enough datasets are needed to assess stability and resilience. Although various studies have reported different measures of stability of crop cultivars (Finlay and Wilkinson, 1963; Eberhart and Russell, 1966; Piepho, 1998; Bernardo, 2002 , Waldron et al., 2002 , no study to our knowledge has reported resilience and stability as two different dimensions.
Alfalfa (Medicago sativa L.) is a perennial legume forage crop, widely used for hay, pasture, and silage for livestock globally due to its high nutritional value, ability to symbiotically fix N, and the deep root system that improves soil health (Barnes and Collins, 2003; Undersander et al., 2011) . Alfalfa grown in monoculture or in mixtures with cool-season grasses is highly productive and can effectively suppress weeds (Picasso et al., 2008) . Alfalfa breeding efforts to increase yield have focused on disease and insect resistance, forage quality, and winter hardiness, but genetic yield gains have been low (Li and Brummer, 2012) . In a study comparing alfalfa cultivars released over five decades, modern cultivars showed greater yields only in those environments with disease pressure (Lamb et al., 2006) . stability (S) is the minimal variability of the yield over time, under normal climatic fluctuations (excluding the crisis year), calculated as the productivity divided by its SE. Cultivar C is more stable than Cultivar D. Panel C: resilience (R) is the ability to withstand a crisis (i.e., resistance), calculated as the yield in the crisis (black dots) divided by the productivity (horizontal line). Cultivar E is more resilient than Cultivar F.
dormancy is the ability of alfalfa to grow tall in the fall, measured as plant height 25 d after a fall cutting; shorter plants mean more fall dormancy and less yield potential. Winter survival index rates the survival of alfalfa plants after a harsh winter, from 1 (little winter damage) to 6 (very susceptible to winterkill). ] race 1), each one scored from 1 (susceptible) to 5 (highly resistant), so the total index ranged from 6 (susceptible to all diseases) to 30 (highly resistant to all diseases). Detailed protocols for all these measurements are available in NAAIC (2017).
Identification of Crisis Years
A crisis year for each location is a year when yields were significantly reduced for most cultivars across the entire trial, which can only occur with an extreme climatic event like drought or severe winter injury. To identify a crisis year in each location, trial means for all years in each location were analyzed. Least squares mean yields by location for all years were estimated from a model with cultivar and stand age as fixed effects. This analysis was conducted by location, so in each location, the mean yield of the trial for each year was identified. A crisis year was defined as the year with minimum mean trial yield for the times series for that location, and that mean was significantly different from all other year means in a Tukey's multiple comparisons test with a = 0.05. Locations where the minimum mean yield was not different from others were not included in further analyses, to make sure that an extreme perturbation was occurring. This way, only years with significant overall yield reduction (across the trial) were identified as crisis years. This left 25 locations with identified crisis years, and 12,786 observations. This approach allowed us to conceptually separate the crisis year to evaluate resilience, and all other normal (although variable) years to evaluate stability. Normal years are therefore all years in the series for each location excluding the crisis year.
After identifying the crisis year, weather data were analyzed to identify the cause of the crisis. There are several abiotic environmental factors that can affect alfalfa yields; the two most important are drought (water stress) and cold (winter injury). A crisis year was classified as drought if the Palmer drought severity index (NOAA, 2017) for the state division for that location and year (for March through November, 9 mo) was below the average for the historical series, using data from the NOAA (2017) for locations in the United States. For the Canadian locations, a crisis year was classified as drought when total precipitation (for March through November) was below the historic average (no drought index was readily available), using information from the Government of Canada climate website (http://climate.weather. gc.ca). Cold or winter stress is difficult to quantify from weather variables. Winter injury can occur in extremely cold winters, as much as in warmer winters, depending on the snow cover and the succession of cold and warm temperatures. There are no available indices to quantify winter injury potential from a weather perspective across locations, so crisis years were not classified according to this criterion.
Plant traits (e.g., rooting depth, leaf architecture, or carbohydrate storage) affect yield and its variability over time. For instance, the ability of two different alfalfa cultivars to withstand a drought may be associated with their different rooting depths, which allow plants to explore different volumes of soil to tap water (Barnes and Collins, 2003) . It is then reasonable to expect that some cultivars are consistently more resilient to drought and more stable in the long term than others, because of consistent differences in anatomical or physiological traits . Also, it could be expected that only environments with severe crisis can be used to discriminate among resilience of cultivars (Jaleel et al., 2009) . Furthermore, the traits responsible for greater productivity in a normal year with limited biotic or abiotic stresses may be different from the ones responsible for greater productivity in a crisis year with severe stresses (Atlin and Frey, 1990) . Therefore, the yield ranking of a cultivar under normal conditions may not be correlated with the yield ranking under stress (Ceccarelli and Grando, 1991; Ceccarelli et al., 1998; Annicchiarico et al., 2014) . This means that tradeoffs may exist between maximizing productivity vs. resilience or stability. Finally, it is possible that traits related to resistance to stress (disease resistance or winter survival) are positively associated with resilience and/or stability.
The goal of this paper is to develop methods to study the stability and resilience of alfalfa cultivars (i) to identify superior cultivars for stability and resilience across environments, (ii) to explore the relationship between productivity, stability, and resilience, and (iii) to explore the association among these three variables and stress resistance traits in alfalfa cultivars. The following hypothesis were tested: (i) cultivars differ in stability and resilience across locations, (ii) cultivar productivity is not associated with cultivar stability or resilience, and (iii) cultivar stability and resilience is positively associated with winter survival and disease resistance.
MATERIALS AND METHODS

Database
A large database of forage yield for 679 alfalfa cultivars from 1060 public trials conducted between 1995 and 2013 was used, comprising 86 locations in 11 US states (Iowa, Illinois, Indiana, Kansas, Michigan, Minnesota, Nebraska, New York, Ohio, Pennsylvania, and Wisconsin) and one Canadian province (Ontario). A total of 28,070 observations were initially included, with an observation defined as a cultivar total annual yield mean across three to eight replicates per trial-year. Seeding year data were excluded from analyses, limiting the dataset to Years 2 through 6. Locations with less than six consecutive years of data collection were excluded, leaving 21,899 observations from 45 locations.
Each cultivar in the database was characterized based on published information from the Association of Official Seed Certifying Agencies (AOSCA) for various traits , including year of release, fall dormancy score, winter survival index, and a quantitative disease resistance index. Fall
Variable Operational Definitions
Cultivar productivity in each location is defined as
where Y ijl is the yield of cultivar j in the year i for location l, and n − 1 is the number of normal years (i.e., all years except the crisis year). The larger the mean yield, the more productive the cultivar (Fig. 1a) . Cultivar stability in each location is defined as
where SE(P jl ) is the standard error of the productivity. The lower the variability relative to the mean, the more stable the cultivar (Fig. 1b) . Note that stability is calculated considering all normal years in the series (i.e., excluding the crisis year). This definition of stability is unitless. Cultivar resilience in each location is defined as
where Yc jl is the yield in the crisis year of cultivar j in location l. Therefore, the larger the yield of a cultivar in the crisis year, expressed as proportion of the productivity, the larger the resilience of that cultivar (Fig. 1c ). This definition of resilience is unitless. Resilience is, essentially, a fraction that measures the proportion of productivity that is achieved in the crisis year. The productivity of each location (P l ) is the least squares mean of the trial means across years. The crisis severity for each location is
so the larger the value of CS l , the more severe is the crisis. Because the set of cultivars evaluated in each location changed over time, the average yield for one particular year depended not only on the climatic conditions of the year, but also on the particular set of cultivars evaluated. Because cultivars were not evaluated in all locations in all years, not all cultivars were present in each location. For further analyses, only cultivars evaluated in at least six locations were used.
Statistical Analyses
To calculate cultivar productivity and stability, least squares means by location were estimated for yield of cultivars, considering cultivar, stand age, and year as fixed effects. To calculate the resilience, least squares means by location and year were estimated for yield of cultivars, considering cultivar and stand age as fixed. After identifying crisis years, resilience values were calculated for each cultivar in each location, as described above. Because many cultivars were evaluated in few locations, we excluded from further analyses cultivars present in less than three locations. Therefore, the final set of means consisted of 413 means, from 84 cultivars and 25 locations.
To test the hypothesis of differences among cultivars across locations, cultivar productivity, stability, and resilience in each location were analyzed with mixed models considering cultivar as fixed effect and location as random effect. Multiple comparisons test for least squares means of each cultivar were performed to identify the cultivars with superior performance in each variable, using Fisher's LSD test.
A simple linear regression between the estimated cultivar resilience and crisis severity of the locations was fit for each cultivar. This allowed further evaluation of the consistency of resilience of cultivars across locations. To test the hypothesis that cultivar productivity was not significantly associated with stability or resilience, simple linear regressions between the cultivar means across locations of resilience vs. productivity, stability vs. productivity, and resilience vs. stability were fit. Finally, simple linear regressions among these three attributes and other cultivar traits (fall dormancy, winter survival, disease resistance, and year of release) were fit. For regressions against year of cultivar release, we excluded the cultivars released before 1990, because they had a strong leverage on the regression, leaving the 45 most recent cultivars.
RESULTS
Characterization of Locations
A total of 25 locations were included in the final analyses, evaluated >11 consecutive years on average, ranging from 6 to 18 yr depending on location (Table 1) . Mean productivity across locations was 13.8 Mg ha . The range of crisis severity values was 0.18 to 0.61, with an average crisis severity of 0.38. The majority (80%) of the crises were related to drought events.
Characterization of Cultivars
Mean annual productivity of cultivars across locations ranged from 12.5 to 15.7 Mg ha −1 , and significant differences were detected among cultivars (P < 0.01). Mean stability of cultivars across locations ranged from 24 to 75, and cultivars were significantly different in stability (P < 0.01). Mean resilience of cultivars across locations was also significantly different among cultivars (P < 0.01), ranging from 0.53 to 0.67. The means for the subset of cultivars evaluated in more than three locations are presented in Table 2 . The methodology used to evaluate resilience and stability was able to discriminate the cultivars with better performance over the long term.
Resilience vs. Crisis Severity
Estimated cultivar resilience values for each location were negatively and linearly associated with crisis severity for all cultivars evaluated in more than three locations (Fig. 2) . Therefore, the estimated resilience value for each cultivar in each location was lower when the crisis severity of the location was larger. This was expected, since the more severe the crisis is, the lower the yields of the cultivars are overall. Adjusted R 2 of the
Association between Cultivar Traits
Mean cultivar resilience across locations was negatively associated with mean cultivar productivity across locations (r = −0.58, p < 0.01, N = 84). Therefore, cultivars with greater productivity overall have lower resilience. Mean cultivar stability across locations was not associated with mean cultivar productivity (p = 0.99). Therefore, greater productivity does not mean greater or less stability. Mean cultivar stability and resilience were not associated either (p = 0.13). These findings suggest that resilience and stability are different traits, and greater stability does not mean greater resilience, or vice versa. Cultivars with greater fall dormancy scores were positively associated with productivity (r = 0.46, p < 0.01, N = 78), negatively associated with resilience (r = −0.28, p = 0.01, N = 78), and not associated with stability (p = 0.47). Disease resistance index was positively associated with productivity (r = 0.30, P < 0.01, N = 78), negatively associated with stability (r = −0.56, P < 0.01, N = 78), and not associated with resilience (p = 0.44). Winter survival index was not associated with productivity (p = 0.39, N = 48), stability (p = 0.38, N = 48), or resilience (p = 0.08, N = 48).
Mean cultivar productivity was positively associated with year of release of the cultivar for cultivars released after regressions were 0.87 on average for regressions of all cultivars evaluated in more than three locations. Intercepts of regressions were all similar, and not different from 1. The slopes of the regressions for all cultivars were similar, and not different from −1. This means that regression lines are parallel, and the ranking of resilience of cultivars would not change on average for different crisis severity levels. This suggests that it would be possible to evaluate resilience of cultivars in locations with minor crises, not necessarily requiring severe crises to obtain relevant and repeatable values.
Furthermore, the analyses of these regressions provided further evidence of the consistency of the resilience of cultivars across locations. Cultivars with larger resilience across locations had larger resilience values for most locations evaluated (Fig. 2) . For instance, 'Abundance' was a cultivar with one of the largest mean resilience across locations (R = 0.62 ± 0.03), and 'WL357HQ' was a cultivar with one of the lowest mean resilience across locations (R = 0.57 ± 0.03). Estimates of the resilience of the cultivar 'Abundance' in each location were consistently higher than estimates of cultivar 'WL357HQ' resilience in each location where both cultivars were evaluated together (i.e., Freeport, IL, Marshfield, WI, and Arlington, WI; Fig. 2) . Table 1 . Description of the locations included in the study of resilience of alfalfa cultivars: location name (in alphabetical order), state or province (S/P), number of observations (N), number of cultivars evaluated in the series, number of years in the series, location productivity (P l ), crisis year (CY), crisis severity value (CS), and whether a drought was identified in the crisis year (based on the Palmer drought severity index). Table 2 . Means and SEs for productivity, stability, and resilience for alfalfa cultivars across locations (cultivars in alphabetical order). Year of release of cultivar, fall dormancy score (FD), winter survival index (WS), and disease resistance index (DR) for cultivars are shown. The number of locations where each cultivar was evaluated for this analyses (L) is also shown. 
DISCUSSION Resilience vs. Stability
The goal of this study was to develop methods to quantify stability and resilience of alfalfa cultivars. We identified superior cultivars for stability and resilience across locations, so our first hypothesis that cultivars differ in stability and resilience across locations was not rejected. For instance, cultivars 'Abundance', '5454', and '631' were highly resilient cultivars, and 'OneidaVR', '5312', and 'Vernal' were highly stable, and this was consistent across locations (Table 2 ). Our second hypothesis that cultivar productivity was not associated with cultivar stability or resilience was rejected. Productivity was negatively associated with resilience. Therefore, it may be difficult to identify cultivars with relatively large values for both productivity and resilience. This is consistent with studies on other crops showing no correlation between cultivar yields in low-yielding locations and average yields (Ceccarelli et al., 1998) . Our resilience concept relates to the concept of low-yielding locations from plant breeding literature, but instead of focusing on different geographic locations, we focused on the years with lowest yields (crises years) within the same location. A key finding of our study is that we provided evidence that stability and resilience are two different traits and should not be confused. For instance, 'L447HD' was a cultivar not different from the most resilient and least stable cultivars, at the same time ( Table 2) . As we propose below, resilience and stability can be explained by different mechanisms.
Mechanisms and Traits
Resilience is expressed under severe climatic crisis, like droughts or winters with severe injury or winterkill. Stability is expressed under normal variability, which includes minor or short-term droughts, winter injury, and biotic stresses like pest or disease pressure. Therefore, different cultivar traits were found to be associated with resilience or stability. Our third hypothesis that cultivar traits related to resistance to stress (disease resistance and winter survival) were associated with resilience or stability was partially supported. Disease resistance was negatively associated with stability, but not with resilience. This intriguing finding could be explained by the fact that in extreme climatic years of severe winters or drought, plants, insects, and diseases are all negatively affected by the abiotic factors, and therefore, disease resistance is not Table 1 , followed by the state or province abbreviation.
relevant to explain the performance of alfalfa in a crisis year (Wegulo et al., 2013) . On the other hand, for normal years, the prevalence of diseases is more variable, so cultivars with greater disease resistance would yield above the average only in years of high disease pressure, but not necessarily in years of low disease pressure. Therefore, cultivars with greater disease resistance could have more variable yields in normal years, thus having lower stability. Our findings are consistent with the observations of Lamb et al. (2006) that disease pressure may explain why some locations have shown yield increases over the last 50 yr, whereas others have not.
We did not find association between winter survival index and productivity, stability, or resilience. It is possible that yields of cultivars with severe winterkill in one specific year are not reported in cultivar trials, which may have reduced the number of cultivars reported in crisis years, affecting our ability to detect associations. Extreme winters that cause winterkill are hard to detect from the climatic records, because they are the results of cold temperatures, lower snow cover, and sometimes short periods of warmer temperatures that melt snow and then refreeze it, creating ice cover and a lack of O 2 belowground. It should be noted that only 20% of the crisis were not drought related (Table 1) , so those are likely to be related to winter injury. Considering the recent trend to use alfalfa cultivars with higher fall dormancy scores (i.e., less dormancy), quantification of winter survival scores is more critical than in the past. Therefore, winter survival is a very relevant trait for the northern latitudes that requires more research and better quantification in the future. On the other hand, given that 80% of the crisis years were related to drought events, resilience of alfalfa cultivars in rainfed environments may be dependent on resistance or tolerance to drought. The lack of standard procedures for evaluation of drought tolerance (NAAIC, 2004 ) is a challenge that should be addressed in the near future by the alfalfa research community. Oliver et al. (2015) reviewed several mechanisms underpinning resilience at the individual species level. Among those, they list (i) sensitivity to locational change (e.g., sensitivity to drought in trees is explained by different nonstructural carbohydrate levels), (ii) adaptive phenotypic plasticity (e.g., reduction in stomatal conductance in response to drought), and (iii) genetic variability (e.g., more diverse populations have a greater chance to include genotypes tolerant to a perturbation). Alfalfa plants, which allocate fewer carbohydrates to root growth than to aboveground leaf growth, may be more productive in a normal year but less productive in a drought year (Crutsinger et al., 2006) . Further studies are needed to identify the mechanisms underpinning resilience in alfalfa cultivars, with special attention to drought resistance.
Trends over Time
Cultivars released in recent years show higher average productivity (Fig. 3) , which can be explained by several confounded and complementary factors. This could suggest that plant breeding has increased alfalfa yields over time, but not all research agrees with this conclusion (Volenec et al., 2002; Lamb et al., 2006; Li and Brummer, 2012) . Modern cultivars have higher fall dormancy scores (lower dormancy) and higher disease resistance, which suggests they should be more productive. This can also mean that agronomic practices in the experimental trials have improved, and cutting schedules may have intensified; therefore, cultivars entering trials in later years show higher yields. An additional explanation could be that locational factors, such as increasing temperatures, rainfall, and CO 2 concentrations, have increased yields in recent years, as has been shown for corn (Zea mays L.) and soybeans [Glycine max (L.) Merr.] (Kucharik and Serbin, 2008; Kucharik 2006 ). All three factors may complement each other to explain this trend, but more research is needed to disentangle these factors. Average cultivar stability did not change over time with year of release of the cultivar. This could also be attributed to plant breeding (e.g., reduced stability associated with increased yield potential), improved agronomic practices, or locational factors, but it can also be an artifact of the data analyses: older cultivars have been evaluated more years than modern cultivars, and stability is related to the variability over time. The fact that resilience of cultivars decreased with year of release is a problematic finding, again due to many possible reasons. As resilience is a trait that is expressed only in extreme years, trends over time are difficult to interpret. It could be related to changes in climatic variability and extremes, or plant breeding (i.e., focus on breeding for productivity may have negatively affected performance in crisis years), or other factors.
Testing for Resilience
It was not the objective of this paper to propose how to breed cultivars for improved resilience. Resilience as described here can be evaluated only after the cultivar has being tested at multiple sites. Plant breeders have demonstrated that direct breeding in the target location achieves greater yield gains than indirectly breeding in a different (usually higher yielding) location for cool-season forages (Brummer and Casler, 2014) , barley (Hordeum vulgare L.; Ceccarelli et al., 1998, Ceccarelli and Grando, 1991) , oats (Avena sativa L.; Atlin and Frey, 1990) , wheat (Triticum aestivum L.; Brancourt-Hulmel et al., 2005) , and corn (Bänziger and Cooper, 2001 ). Because resilience is expressed in extreme years, which occur once every 4 to 6 yr, on average (Table  1) , breeders can make gains for this trait only by serendipity or through the use of controlled locations.
This study therefore raises some questions regarding the potential to test cultivars for resilience in practice. The quantitative measures proposed here require long-term databases that span many years, so a relevant question is how resilience could be measured in alfalfa cultivar trials spanning only 4 yr. Furthermore, it is reasonable to expect that a larger number of locations would be needed to evaluate resilience. One possible approach would be to identify locations where crises are more frequent, or more severe. Another approach could be to test cultivars in locations where stresses (e.g., water deficit) could be experimentally imposed and compare the performance of cultivars under stress vs. normal conditions. A more efficient and less expensive approach may involve higher coordination among alfalfa breeders and testing sites, so that the same cultivars are evaluated across many locations during the same years, as already occurs for other crops.
One limitation of this study was the imbalance of the alfalfa cultivars database in terms of locations and years. The rapid turnover of cultivars generally dictates that evaluation in public trials of each cultivar usually does not last more than 4 yr. This limited the number of cultivars that were found in a specific crisis year, and therefore the final number of resilience values, affecting the power to draw conclusions. Therefore, a more coordinated approach to testing alfalfa cultivars would significantly expand the alfalfa forage yield databases, where modern cultivars could be evaluated in several locations over the same years, making it possible to identify more crisis locations and reliably evaluate resilience. Overlapping of cultivars across locations, rather than identifying better testing locations, is a critical factor to evaluate resilience. Nevertheless, this only solves the issue of evaluating synthesized cultivars for resilience. Evaluation of parents and early generations of breeding materials will necessitate identification of proper test locations that allow the breeder to reliably select stress-tolerant genotypes.
The resilience, stability, and productivity of forage systems depends on many factors, including genetic (e.g., cultivars), ecological (e.g., forage mixture composition), and management practices (e.g., tillage system, grazing, and harvest schedule) and their multiple interactions. In this paper, the focus was on the genetic factor (i.e., differences among cultivars), but to design more sustainable forage systems, it is highly relevant to evaluate the relationship between resilience and the other factors (Lin, 2011; Oliver et al., 2015; Tracy et al., 2018) . The methods and operational definitions proposed here can contribute to measure and disentangle the complex interactions between these relevant variables.
Concluding Remarks
The challenges that agriculture faces are growing, and so is the interest from scientists and decision makers for developing sustainable, productive, stable, and resilient systems. As a first step, the public discourse has embraced these concepts, but there is still much confusion regarding their meaning and practical evaluation. A second step is to clarify the difference between the performance of agricultural systems in the face of normal variability (i.e., stability) and their performance in the face of major perturbations or crises (i.e., resilience). A third step is to develop metrics and operational measures for these two concepts. Finally, these variables can be used to identify the causal mechanisms for stability and resilience at various agroecosystem levels, and to evaluate alternatives (e.g., cultivars, practices, or management systems) to design improved systems. This paper provided a conceptual framework, operational definitions, and empirical evidence for assessing the stability and resilience of alfalfa cultivars. We found that alfalfa cultivars differ in stability and resilience and that these variables represent two very different dimensions of the long-term performance of cultivars. A coordinated testing approach across many locations is proposed to improve alfalfa resilience in the future. The methodology proposed in this paper can be applied in the future to other crops and cropping systems, to advance the understanding of the long-term performance of agricultural systems in the face of an increasingly changing climate.
